Background: Upper limb paresis is a common problem in patients with stroke. Objectives: To determine the effect of core stability exercises on upper limb function and trunk balance in hemiparetic patients. Subjects: Thirty patients with hemiparesis, with age between 45 and 60 years, and with illness duration of more than 6 months. They were assigned into two equal groups, the control group, Group A: with 15 patients who received only conventional physical therapy program; the study group, Group B: with 15 patients who received conventional physical therapy program and additional core muscle training. Patients received 18 sessions for 6 weeks, three sessions/week. Methods: The upper limb function was assessed using Wolf motor function test with subscales (function ability scale, time, and grip strength), the range of motion of shoulder flexion and abduction was measured by using goniometer, trunk balance was assessed using the trunk impairment scale with subscales (static sitting balance, dynamic sitting balance, and coordination). All measurement outcomes were assessed before and after applying the treatment program. Results: There was no statistical significant difference between two groups in pretreatment assessment using wolf motor function test, trunk impairment scale, and shoulder range of motion. In post treatment assessment, there was no statistical significant difference between group A and group B in all the outcome measures, except for trunk impairment subscale (dynamic sitting balance); the statistical significant difference was in favor of group B. Conclusion: Core muscle training is similar to conventional physical therapy program in improving upper limb function in hemiparetic patients, and has beneficial effect on improving trunk balance.
Introduction
Stroke is a common nervous system disorder. Stroke survivors can suffer some neurological impairments such as hemiparesis, communication disorders, cognitive deficits, or disorders in visuospatial perception [1] .
Stroke is subdivided into three phases, the initial phase or acute stroke that starts immediately following cerebrovascular accident and continues for 2 weeks. The next phase is subacute stroke that continues for many months up to 6 months following stroke. The last phase is the chronic stroke that continues from months to years following stroke and the patient may complete his life with this phase [2, 3] .
Mobility of the upper limbs is vital for daily activities, functional activities, and quality of life [4] ; upper limb paresis following stroke leads to limitations of daily activities, functional activities, and social roles [5] .
The core muscles have a great function in stability and mobility of body parts in maintaining posture and assisting the mobility of upper and lower limbs, against gravity, so facilitating function of arms and legs [6, 7] .
Many patients with stroke suffer from insufficient trunk control, affecting their functional ability in many activities, example: turning in bed, sitting up/lying down, rise from sitting to standing, standing, and walking. Impaired anticipatory activity of the superficial lateral trunk muscles (latissimus dorsi, rectus abdominis, and external oblique) on the paretic side has been found to influence their ability to perform activities of daily living [8] .
Stroke patients demonstrated altered trunk position sense; this may be caused by insufficient co activation of abdominal and back muscles. In sitting position, weakness of abdominal muscles may cause the line of gravity to be placed relatively posterior to the center of gravity, so increasing the liability to fall backwards. Stroke patients may compensate by sitting with excessive flexed, thoracic spine to avoid falling backward during sitting [9] .
Core stability has a high established reliability concerning improving the trunk muscle performance [10] ; as core muscles supporting the lumbo-pelvic-hip complex, researchers have reported that core stability training could improve not only trunk function but also balance and mobility [11] .
In rehabilitation of stroke patients, postural control is necessary for smooth functional activity; core stability plays a major role in maximizing function and minimizing weight bearing at the joints while doing various activities like walking, running, and throwing [12] .
Exercises for core-stability serve as treatment for simultaneously activating the abdominal and multifidus muscle in order to stabilize the body and head during the beginning of limb movement and during the course of these movements [13] . In this study, we aimed to determine the effect of core stability exercises on upper limb function and trunk balance in hemiparetic patients.
To our knowledge, there is lack of research of the effect of core muscle training on upper limb function. On the other hand, the effect of core muscle training exercises was studied on balance and mobility of stroke patients [14] [15] [16] . Also, core stability exercises effect was investigated on balance and trunk control of stroke patients [17] . Another study examined the effect of core stabilization exercises on balance and gait of stroke patients [18, 19] . So, we meant that the lack of research concerning the effect of core muscle training on limb function was in the relation between core muscle training and upper limb.
This study investigates the effect of core muscle training on chronic stroke patients while other study investigated the effect of core stability exercises on subacute stroke patients [17, 20] . Also, another study investigated the effect of trunk stability exercises on early or acute stroke patients [21] . But no study investigated the effect of core stabilization exercises on chronic stroke patients as in this study.
Upper limb impairment in stroke patients is more than lower limb involvement. Despite the degree of weakness between the upper and the lower limbs is similar but it was found that the lower limb is stronger than the upper limb so the proper modalities and interventions used for upper limb rehabilitation should be taken into consideration [22] .
A study by Nilufer studied a correlation between upper limb movement and trunk control in patients with multiple sclerosis and found that there was high correlation between upper limb movement and trunk control as with improving trunk control and stability, the upper limb movement was also improved [23] .
The hypothesis of this study was that the core stability exercises had an effect on the upper limb function and trunk balance in chronic stroke patients.
Patients and methods
The present study was held in the outpatient clinic, Faculty of Physical Therapy, Cairo University between May 2017 and March 2018. It is a randomized controlled trial; it was approved by the ethical committee of the faculty of physical therapy, Cairo University, Egypt (Approval Number: P.T.REC/012/001594).
Thirty patients had experienced their first stroke, whether ischemic or hemorrhagic. The stroke diagnosis was based on the World Health Organization guidelines [24] and was confirmed by clinical examination and magnetic resonance imaging. All patients were subjected to a full clinical neurological assessment. Study participants were randomly allocated to either control group (group A) or study group (group B) by means of a random computer-generated list specific to each center. The randomization was managed by an external person uninvolved in the treatment. The method of allocation was concealed in sequentially numbered, sealed envelopes.
All patients followed the conventional therapy program for stroke patients provided for a period, consisting of 30 min of treatment per session, three times per week for 6 weeks (18sessions).
Inclusion criteria: Included in this study are patients with spasticity on the Modified Ashworth Scale (MAS) between grade (+ 1 and 2) [25] , the duration of illness was more than 6 months, and age ranged between 45 and 60 years old. The affected upper limb had a moderate motor impairment. The scores of upper limb motor performance ranged from according to FuglMeyer scale for the section of upper limb and hand [26] .
Exclusion criteria included patients with balance disturbance due to neurological disorders other than stroke (example: Parkinson's disease, inner ear, vestibular, or cerebellar dysfunctions), with musculoskeletal disorders such frozen shoulder or degenerative diseases affecting the posture and motor performance as ankylosing spondylitis, with communication problems, and those with a history of previous stroke or other neurologic diseases or disorders. Patients with pain, limited motion, or weakness in the non-paretic lower extremity that affect performance of daily activities, those with uncontrolled hypertension or symptomatic cardiac failure or unstable angina, and patients with respiratory disorders or conditions that may influence the posture of the skeletal system of the back (example: asthma).
The patients with pain in non-paretic lower limb were excluded from our study because some exercises like bridging and quadruped involve weight bearing on both lower limbs which hampers the performance of the exercises.
The functional ability of the upper limb was assessed by wolf motor function test (WMFT) which is valid and commonly used assessment tool of upper extremity functional ability [27] .
For the stroke population, it uses two strength measurements and a series of 15 functional tasks that progress from simple movements in proximal joint areas to complex movements in distal joint areas. Each of the 15 tasks is timed to completion, up to a maximum of 120 s. Functional ability sub-scores represent the quality of the movement during the performance of these functional tasks.
Trunk function was evaluated with the trunk impairment scale (TIS). This consists of a total of 17 items: three regarding static sitting balance, ten regarding dynamic sitting balance, and four about coordination. Patients receive a total between 0 and 23 points [28] .
Range of motion of shoulder flexion and abduction was recorded in degrees with the utilization of a standard goniometer. The reliability of a goniometer is shown with an intra-class correlation coefficient (ICC) of 0.95 by Khamwong and colleagues [29] .
The patients in group A received stretching exercises for shoulder girdle muscles such as pectoralis major muscle; the patient put both hands behind the head and the therapist was behind him attaching the elbow with pulling the arms backward, maintaining the action for 30 s [30] ; strengthening exercises for shoulder muscles including active resisted shoulder abduction-the patient was asked to do active resisted shoulder abduction within the available range of motion and within the limit of pain; active resisted shoulder external rotation-the patient was asked to do active resisted shoulder external rotation within the available range and against resistance keeping the trunk aligned; upper trapezius muscle strengthening-the patient performed the shoulder shrugging within the available range against suitable resistance while keeping the trunk well aligned. Serratus anterior muscle strengthening-the patient was asked to push forward by his upper limb against the applied resistance and was asked to keep proper trunk alignment [31] and trunk control exercises including (active trunk flexion), the patient was sitting, and then was asked to do active trunk lateral flexion while the therapist guides the motion. Active trunk rotation-the patient was asked to do active trunk rotation while keeping the trunk in the extended position [32] . Each exercise was repeated for ten times in two sets, giving rest in between for 10 s after each set. The duration of the session was 30-min duration with rest in between.
The patients in group B received treatment as in group A in addition to core stability exercises aiming for increasing trunk stability and increasing activation of abdominal and back muscle. The duration of the session was 30 min with 10-min rest in between fora period of 6 weeks [33] . The core stabilization exercises consisted of two subparts: First, the bed exercises that consist of bridge exercise-patient lies supine with hips and knees bent 90°with feet flat on floor and palms are down at sides, draw in the abdominal muscles and then slowly raising buttocks off the table by using gluteus and hamstrings [34] ; bridge exercise with legs crossed-patient lies supine with one hip and knee bent to 90°with feet flat on floor and another leg rested on the opposite knee and palm-down at sides then draw in abdominal muscles then slowly raising his buttocks off the table by using his gluteus and hamstrings [34] ; bridge exercise with one leg-patient lies supine with his knees bent and his feet flat on the floor. The patient lifts pelvis forming a bridge. Then lifting right leg off the floor and extends it [34] . Curl-ups with straight reaching-patient lies supine with his knees bent and his feet flat on the floor. "Crunch" or curl his stomach to lift the shoulders just off the floor [34] . Curl-ups with diagonal reaching-patient lies supine with his knees bent and his feet flat on the floor. The patient crunches or curls the stomach to lift the shoulders off the floor and twist, reaching his right elbow towards his left leg. Then returning to the floor and repeat twisting in the opposite direction lifting his shoulders just off the floor [35] . Quadruped exercisepatient balances on the floor on his hands and knees. The patient's back should be flat and hips parallel to the floor. Then the patient is asked to do cat and camel motion (spine flexion and extension) [34] . Bird dog exercise-patient balances on the floor on his hands and knees. The patient's back should be flat and hips parallel to the floor. The patient raises his right arm out in front of him and raises his left leg out behind him, keeping it straight [35] . At each exercise, there is hold for 3-5 s and repetition from 10 to 20 times.
The second subpart is the ball exercises that consisted of bridge exercise-the patient lies supine on the floor with knees straight, feet resting on physio-ball, arms at sides; draw in abdominal muscles; slowly lift the buttocks off floor and segmental rotation-the patient lies supine on the floor with hips and knees bent to 90°over a physio-ball; draw in abdominal muscles; slowly and with control, rotate knees to one side keeping hips in contact with the floor; engage abdominal obliques to pull knees back to center and repeat on the opposite side [34] . At each exercise, there is hold for 3-5 s and repetition from 10 to 20 times.
All measurement outcomes were assessed pre-and post-testing phases of the study; after applying the treatment program for the patients for successive 6 weeks. The posttreatment assessment was done at the end of the last treatment session.
Statistical analysis
The collected data were coded, tabulated, and statistically analyzed using IBM SPSS Statistics (Statistical Package for Social Sciences) software version 22.0, IBM Corp., Chicago, USA, 2013. Descriptive statistical analysis was performed for all pre-and posttreatment variables and all data are expressed as mean and standard deviation. The box and whiskers plots of the tested variable were done to detect outliers. Normality test of data using Shapiro-Wilk test was used, that reflect the data was normally distributed for all dependent variables. Accordingly, 2 × 2 mixed design MANOVA was used to compare the tested variables of interest at different tested groups and measuring periods. With the initial alpha level set at 0.05. Prior to final analysis, data were screened for normality assumption, homogeneity of variance, and presence of extreme scores. This exploration was done as a pre-requisite for parametric calculations of the analysis of difference. Descriptive analysis using histograms with the normal distribution curve showed that ROM of shoulder abduction and flexion, WFMT (function ability score and time, grip strength), and Trunk impairment (static and dynamic sitting balance score and coordination) score were normally distributed and not violate the parametric assumption for the measured dependent variable.
Results
A total of 15 control group and 15 study group participants were included in the analysis. Figure 1 shows the flow diagram for the study. The current test involved two independent variables. The first one was the (tested group); between subject factor which had two levels (group A receiving conventional physical therapy program and group B receiving conventional physical therapy program in addition to core muscle training). The second one was the (measuring periods); within subject factor which had two levels (pre, post). In addition, this test involved tested dependent variables (ROM of shoulder abduction and flexion, WFMT (function ability score and time, grip strength), trunk impairment scale (static and dynamic sitting balance score and coordination score). The age of the patients ranged from 45 to 60 years with a mean age of56.9 ± 7.24 years for group A and 59.86 ± 8.14 for group B. General characteristics of the patient group are shown in Table 1 .
Results showed that in the Wolf Motor Function Test subscales (function ability score, time, grip strength), there were no statistical significant difference between the control and the study group Figs. 2 and 3 .
Concerning shoulder abduction (ROM), the p value between group A and group B pretest was 0.832 and posttest was 0.142. Concerning shoulder flexion, the p value between group A and group B pretest was 0.221 and posttest was 0.052 Fig. 4 .
In the Trunk Impairment scale, there was statistical significant difference in the dynamic sitting balance subscale scale in favor to the study group B; on the other hand, there was no statistical significant difference in the other subscales of the TIS (static sitting balance and coordination) between both groups Fig. 5 .
Discussion
In this study, it was found that the core muscle training had no additional effect on improving upper limb function when comparing it with conventional physical therapy program; on the other hand, it had a significant effect on improving trunk balance in chronic stroke patients. This indicates the importance of core muscle training on improving trunk balance in chronic stroke patients. One of the limitations of this study was the duration of treatment which was 6 weeks.
Concerning the primary outcome measure Wolf Motor Function Test, there was no statistical significant difference in WMFT in the function ability and time of task performance in upper extremity between both groups. These findings were supported by Sun and colleagues' findings [36] who stated that modified Barthel index and berg balance scale scores were significantly improved in both the study and control groups with comparison with the pre-treatment results. This proves that both core stability exercises and conventional exercises can improve the abilities of stroke patients mainly the daily activities and their ability to control body balance [13, 11] .
These results came in consistent with Yu and colleagues' findings [13] who reported that there was no statistical significant difference in muscle activity of lower trunk before and after performing core stabilityenhancing exercises.
The insignificant improvement in the upper limb function may be related to the duration of illness of patients as they were chronic stroke patients (more than six months), as the duration of illness is one of the main factors that affect the patient's neural plasticity and motor recovery [37] .
Longer duration of illness may lead to maladaptive strategies becoming part of the daily movement repertoire. Compensatory movement strategies may be very difficult to unlearn, frustrating efforts to improve movement for both patient and therapist [38] . 
Another study by Esther stated that there was no significant effect of application of core stability training on balance and gait in multiple sclerosis patients [39] .
Another explanation for the insignificant difference between both group A and group B in our study may be attributed to the insufficient duration of exercise. Six weeks of core stability exercises may not be enough to produce significant improvement in muscle strength that appears in comparison between groups [40] and not enough to produce change in upper limb function, as the rate of gain from exercises may not be obvious.
Our study results come in agreement with the results of Jamison and colleagues [41] who concluded that the length of core program of 8 weeks was not enough to elicit performance enhancement. Also, this study results were confirmed by the results of Lust and colleagues [42] who revealed that there were no significant differences between both groups following six weeks of core stability training.
Another possible explanation to the insignificant improvement in the upper limb function may be due to impaired reaching caused by abnormal elbow flexor synergy patterns involving excessive coactivation between elbow flexors and elbow extensors with activation of shoulder abductors, so the resultant joint torque involved coupling of shoulder abduction with elbow flexion, [43] or spasticity of the biceps so affecting or impairing upper extremity function [44, 45] . In this study, as the patient were of moderate spasticity, so this explained the poor recovery of the upper limb function, so training may not have addressed the right motor deficits.
On the other hand, our insignificant difference concerning WMFT was opposed by the findings of Miyake and colleagues [46] who reported that core stabilization exercises enhance trunk balance to improve upper extremity function as improving proximal stability improve distal mobility. In addition, the results of Woodbury and colleagues [47] proved that stable trunk provides a reference point for the extremities to move freely.
The TIS as secondary outcome measure showed a statistical significant change in dynamic sitting balance in Fig. 2 Mean values of WMFT function ability and time scores pre-and posttests in both groups favor to the study group. Static sitting balance and coordination showed no significant difference between both groups. The static sitting balance subscale has been pointed out to readily show a ceiling effect [48] . Verheyden and colleagues [49] reported that the subscales of the trunk impairment scale are hierarchical (as stated that static sitting balance appeared easier to improve than dynamic sitting balance, which in turn was easier to improve than coordination). Such a hierarchy may explain why the study did not demonstrate beneficial effects for the study group compared to the control group for coordination. Saeyset and colleagues [50] reported that 16 h of additional trunk exercises improved trunk function, dynamic sitting balance, and trunk coordination. As improving trunk function will augment postural control during standing balance and mobility. This indicates the importance of trunk exercises in the rehabilitation of stroke patients.
These results were consistent with the results of Cabanas-Valdes and colleagues [11] who found a statistical significant difference in all the outcome measures which concluded that core stability exercise training along with conventional therapy improved standing balance, gait, and activities of daily living in sub-acute post stroke patients.
Verheyden and colleagues [51] also stated that core stability exercises were beneficial for improving balance and selective trunk movement in cerebrovascular accident patients.
We could not explain that the improvement was due to spasticity or weakness and both of them were not measured. Our main outcomes were WMFT as primary outcome measure, ROM and TIS as secondary outcome measure, so we could not decide whether improvement was due to spasticity or weakness. Also, in inclusion criteria, patients were selected with spasticity on the Modified Ashworth Scale (MAS) between grade (+ 1 and 2), so it is mild spasticity that has no effect so improvement may be due to improving weakness. Concerning the independent variable range of motion of shoulder abduction and flexion, there was no statistical significant differences in the range of motion of shoulder abduction and flexion between both groups.
Our findings of the insignificant difference of the shoulder range of motion was supported by the findings reported by Wee and colleagues [52] who concluded that trunk control exercise has a moderate effect on reduction of upper extremity impairment in chronic stroke patients, in terms of Fugl-Meyer assessment for upper extremity score. There is insufficient evidence to support that trunk exercises improve upper extremity function and reaching trajectory smoothness and straightness in chronic stroke patients.
On the other hand, our findings of insignificant difference in shoulder range of motion were opposed by the significant difference reported by Mahiba and colleagues [53] who concluded that the addition of core muscle exercises along with conventional set of exercises in hemiplegic patients can improve the reaching activities of the upper extremities. In this study, the result showed statistical significant improvement in reaching activity after performing core muscle exercise.
Our results were not matched with the study of Mahiba and colleagues as our primary outcome measure was WMFT while the primary outcome measure of Mahiba and colleagues was reaching, so our results were not matched with results of Mahiba and colleagues.
Conclusion
It was concluded that core stability exercises for 6 weeks add no beneficial effect in comparison with conventional physical therapy program in improving upper limb function in chronic stroke patients and so it is highly recommended that the duration of the treatment to be more than 6 weeks, but there was beneficial effect on improving trunk balance. 
